THE problem to which I wish to direct your attention to-day is that of the immunization of animals and man against tuberculosis. Such an enormous amount of work has been done all over the world on this subject that it would be impossible in this short paper to attempt even a brief survey of it, so I propose to limit my observations to my own work in the hospital and laboratory during the last twentyfive years, and to place before you the results which I have obtained.
Tuberculosis is one of the most serious diseases the community have to face and a general knowledge of its contagious nature is very necessary for agriculturists.
Bovine tuberculosis has been, and is at present, the subject of great controversy in the scientific world, and the fact that it is freely communicated to children through infected milk, causing an immense amount of suffering and death, is an urgent reason for using every endeavour to eradicate the disease from dairy oows.
Milk being a vital necessity for children it is imperative that it should be tubercle-free, and an immense amount of thought and effort has been given to this subject by the veterinary profession and scientific workers. The Legislature has passed many Acts of Parliament and framed innumerable orders and regulations with a view to eradicating the disease; immense sums of money have been voted in the way of compensation, and yet to-day high veterinary authorities state that there is no diminution in the number of tuberculous dairy cows.
I have great hope that the Tuberculosis Order, which was suspended during the war, will have a most beneficial effect, and I trust it will be put in operation as soon as possible.
It is estimated by competent authorities that at the present time over a million dairy cows are tuberculous and that 5-10 per cent. of these have udder tuberculosis, but one cannot be certain that only the udder cases will yield tuberculous milk, and the fact that the milk of a whole herd is mixed before delivery may render the whole yield dangerous. It is also estimated that about 10,000 children die every year in the British Isles as the result of drinking tuberculous milk, to say nothing of thousands of others who suffer for years or are permanently crippled. These figures are appalling, and no effort should be spared, monetarily or otherwise, in endeavouring to suppress it. The tubercle bacillus is the sole cause of all this distress, the disease is always contagious, and for all practical purposes we can disregard heredity as a causative factor. Almost all children and animals are born free from tubercle; if they are not exposed to infection they will never develop the disease.
It has been said by many writers that the tubercle bacillus is ubiquitous-that it is everywhere in the civilized world, and that we cannot avoid infection. I cannot agree with that view, and I will give you my reasons: For twenty-five years I was continuously in charge of large general hospitals, and in addition to treating over' 100,000 patients in the wards, I had the opportunity of personally conducting over 7,000 post-mortem examinations. In fully 50 per cent. of these cases the most careful search for tubercle was negative, and in certainly 75 per cent. of the admissions to hospital no clinical evidence of the disease was manifest. It is quite true that a large number of people are infected in early life by bovine JY-C M 1 [February 25, 1925. bacilli, causing enlarged glands and mesenteric infection, but these lesions either suppurate or calcify, and the patient is not aware of having become infected. The same applies to cattle and pigs. Thousands of them receive mild infections which never progress in the body, and yet, when they are tested with tuberculin, give a mnore violent reaction than those animals in an advanced stage of the disease. The late Professor Bang, of Copenhagen, showed conclusively that a herd remained tubercle-free until an infected animal was introduced, and then very often a large percentage of the herd became tuberculous.
Observations and experiments show that tuberculosis is not met with frequently among those breeds of cattle which are usually kept out of doors, while on the other hand those breeds which have been kept indoors in warm cowsheds, and which have been forced for the production of milk, become infected with the disease to a very great extent. The Shorthorns, Ayrshires, Jerseys and Guernseys are the breeds of cattle in which the disease is most prevalent. It is well known that in the Channel Islands the disease is almost unknown, but if these delicate cows are brought to this country they often contract the disease.
The most frequent method of infection amongst cattle and pigs is the milk of the infected animal, or the insanitary and contaminated condition of the cowshed. If we could eliminate these two factors we should be in control of the disease, but we cannot and, in my opinion, we never shall. Neither can we hope to control them in human surroundings; so long as we have children compelled to live in insanitary and overcroWded rooms-very often in close association with members of the family suffering from open tuberculosis-so long will infection continue.
Better conditions of housing, more nourishing food, higher wages, and vigorous action by the health authorities and tuberculosis officers have, I am glad to say, substantially reduced the incidence and mortality from human infection in the form of pulmonary tuberculosis; yet we still lose 40,000 persons every year from it. But the same reduction has not taken place as regards bovine infection to children through milk, and this is a matter to which our energies should be primarily directed. Feeling like many other workers that the only hope lay in the immunization of cattle against infection, I attempted this work in a series of animals in 1905, but failed completely.
In 1901 I published a paper in the British Medical Journal stating my view that, as a result of clinical observation: (1) human and bovine infections produced separate and distinct diseases in the human body, and that they were antagonistic to each other; (2) that human bacilli caused primary pulmonary tuberculosis, and that bovine infection caused enlarged glands, mesenteric disease, bone and joint lesions, &c.;
(3) that patients suffering from pulmonary tuberculosis rarely developed bone-joint or gland lesions, and vice versa. In fact the human was protected by one infection against the other. Cattle and pigs are immune against infection by human bacilli, but the human subject is susceptible to both. It was evident to me at that time that it would only be possible to immunize cattle by using human bacilli. A series of animals were tested in this way, but again failure resulted. The bacilli used were too virulent and toxic, and in every case killed the animals.
In 1906 I decided to attempt to attenuate the bacilli by repeated subculturing, thus weakening virulence and removing toxicity. The only certain way of permanently attenuating virulent cultures of tubercle bacilli is by long-continued and systematic subculturing spread over a number of years.
In 1906 Prof. Koch gave me, when I was in Berlin, a pure culture .of glycerine agar of human bacilli from a virulent case of pulmonary tuberculosis. Prof. Calmette, of Lille, supplied me with a virulent bovine culture from the mesenteric glands of a cow, and Prof. Bang gave me a culture of avian bacilli from the liver of a chicken.
These cultures have been subcultured on glycerine potato and transferred to glycerine agar every month for eighteen years in my laboratory, and the present growth which I show you to-day represents the two hundred and sixteenth generation. At the end of 1914 I was afraid the work would be interrupted but I took the cultures with me to France and as I had an excellent laboratory in the hospital I was able to continue the subculturing for the next four years. The growths are still profuse and true to type, but they are now quite non-tuberculogenic and completely non-pathogenic to animals.
Every year since 1906 I had injected these bacilli into animals with a view of testing their pathogenicity; until the year 1913, that is the eighty-fourth generation of subcultures, I noticed no change in their virulence. After that time attenuation became marked, and in a series of animal inoculations of these bacilli in 1914 they were observed to be avirulent.
These experiments, which have occupied eighteen years, conclusively prove that virulent tubercle bacilli can be attenuated to such a degree as to be avirulent and non-pathogenic to highly susceptible animals.
A further series of animals were inoculated a year ago with a protective vaccine prepared from attenuated cultures of human bacilli, and these animals, together with unprotected controls, were all given J mg. of virulent bovine bacilli. All the unprotected animals rapidly developed general tuberculosis and died within four months, whilst the protected ones are all alive to-day, and apparently none the worse for their treatment.
If an animal can resist the laboratory dose of virulent bacilli, it can certainly resist the comparatively mild infection in its ordinary life. If we can produce some immunity by artificial means either in man or animals, sufficient to enable them to resist ordinary infection, we shall have gone a long way towards stamping out tuberculosis.
The vaccine that I have prepared from these attenuated cultures is a bacillary emulsion containing all the products of the bacillus. Living cultures are not used, as the bacilli are destroyed by heat before preparation. For the purpose of immunizing calves, they should be separated from the mother at birth and fed on healthy milk, or the pasteurized milk of the mother, for a week, when the first dose of vaccine is given, followed in another week by the second dose of vaccine. They then associate with the other animals. It is given hypodermically in the usual way, with strict antiseptic precautions, under the skin of the abdomen. It is only applicable to non-infected animals.
During the last three years the vaccine has been used in valuable pedigree herds, where careful records have been kept, and given by a careful veterinary surgeon. Up to the present over 200 calves have been vaccinated, At the end of a year, and in many cases again at the end of the second year, these calves were tested bv Pasteur's tuberculin, and in practically all cases the result has been so far negative. I am awaiting results from other veterinary surgeons, which will be published as soon as possible, but so far the results are decidedly encouraging, and as the vaccine is perfectly harmless I hope it will be given an extensive trial; it is only by the results in a large number of animals that its final value can be determined.
The problem of tuberculosis resolves itself into the question of immunity. The protection of the community by some safe scientific method of active immunization is the only effective way by which this preventable scourge can be eradicated.
Turning to the question of human immunity the problem is much more difficult, as children are susceptible to both human and bovine infection. At the special request of parents in a large tuberculosis colony in which I am interested, and where each father is affected with pulmonary tuberculosis, I gave all the childrenabout 100-a year ago two doses of protective vaccine prepared from bovine bacilli with the object of protecting them against human infection. So far they appear to be quite healthy, but it will require years of observation before we can give any definite opinion as to its efficacy. I believe that in time it will be possible to immunize children against tuberculosis, especially those who are directly exposed to infection.
It is impossible in this paper to discuss the theory of Ehrlich, the demonstrator of the mechanism of antitoxins, or those of Behring and Pfeiffer, the discoverers respectively of antitoxin and the bacteriolytic action of immune blood-serum, or the theory of Gruber and Widal, the originators of the agglutination tests. All point irresistibly to the conclusion that the human body possesses means of defence other than that obtained alone from the phagocytic action of the leucocytes. The tubercle bacillus has been found to respond to no bactericidal or bacteriolytic action of the blood and, generally speaking, to no antitoxic influence, after the manner of diphtheria and tetanus. In the light of recent investigations it is apparent that in tuberculosis phagocytosis still remains a most important element in the production of immunity (Bonney). The brilliant work of Wright and Douglas has taught us a great deal in this connexion.
The monumental work of Pasteur regarding anthrax is a lasting tribute to his genius. In 1877 widespread epidemics of anthrax had been carrying off enormous numbers of sheep and cattle in France and Prussia. Some 56,000 head of cattle were destroyed. Pasteur succeeded in artificially growing the bacillus of anthrax in broth. He then proceeded to Chartres, where the epidemic had produced a loss in stock of a million pounds, and he studied the disease on the spot. He found that if he inoculated cultures, grown artificially at 98.60 F., into sheep, they all died, but that if he grew them at 1080 F., at which the organism could still grow, but could not form spores, and kept it a fortnight before use, a mild or benign form of the disease was produced from which the sheep recovered and were then found to be immune to the ordinary fatal form of anthrax. By this means the disease was practically stamped out.
Vaccine therapy is still in its infancy, and we are specially conservative about it in this country. The natural and specific remedy for the prevention and treatment of tuberculosis exists in the products of the bacilli themselves.
When Koch introduced tuberculin as a remedy, the whole world clamoured for it, and doctors rushed to Berlin to beg for a few doses. I used it in 1902 in the treatment of a severe case of lupus in hospital, and the results were disastrous. The reaction was terrific-temperature 106°F., a violent inflammatory condition of the lupus, severe malaise, and constant vomiting for twenty-four hours. I thought the patient would die, but the symptoms slowly subsided and he recovered. Nevertheless the state of the lupus was not changed. The tuberculin was prepared from virulent cultures and the dose excessive.
Since that time and for twenty years afterwards tuberculin fell into disrepute, but I have no doubt it will come into its own again, and preparations from nonvirulent attenuated cultures, which produce no reactions, will be of the greatest service in the treatment and prevention of all forms of tuberculosis. Attenuated cultures are still specific; they produce tuberculin, but have been deprived of their virulence and toxicity, thus rendering them perfectly safe for use.
We cannot cure a case of malignant small-pox by vaccination, but we can for a certainty prevent the patient getting it, by using an attenuated or modified vaccine.
The war has taught us a great deal as to the value of vaccines and serums. In the first year of the war numerous wounds were complicated by tetanus, but after it became the routine practice to give antitetanic serum in all wound cases, tetanus was rarely seen. Antityphoid inoculation worked wonders, and when a combined vaccine prepared from dead cultures of typhoid and paratyphoid bacilli was used generally, the cases of pyrexia of uncertain origin rapidly disappeared. A very small amount of such a vaccine is sufficient to protect a person from infection. I believe there is no such thing as natural immunity to tuberculosis; all mankind is liable to attack, and pulmonary tuberculosis, although healed, does not confer immunity in after life.
It had long been thought that avian tubercle bacilli could not be conveyed to either animals or man, but recent researches in Denmark have shown that it is common for pigs and cattle to be attacked as the result of tuberculosis amongst chicken on the same farm. Regulations in many parts of Denmark now forbid cattle and chicken to be reared on the same farms.
CONCLUSIONS.
(1) Human and bovine bacilli are separate and distinct types of a common species.
(2) The human body is susceptible to b)oth.
(3) Cattle and pigs are not infected by the human bacillus, whilst horses, goats, dogs and sheep are not susceptible to either. (6) These infections in the body are antagonistic to each other, and the bacilli are practically never found in the body at the same time.
(7) A case of pulmonary tuberculosis rarely develops any enlarged glands or bone and joint lesions, and vice versa. (8) It is possible to immunize a healthy animal by using a vaccine prepared from an attenuated, non-toxic and a non-virulent dead culture of human bacilli.
(9) It will be seen that we have yet a great deal to learn about tuberculosis.
Discussion.-Mr. HENRY GRAY said he did not quite agree with all that which was sai(d on the subject by Dr. Nathan Raw. Cattle, however badly fed or housed or deeply milked, would not develop tuberculosis unless they had a tuberculous animal in their midst. It was purely a contagious disease. Similar agencies, such as overwork, insanitary stables and bad feeding had in the past been invoked as a cause for prevalence of glanders in the horse, which was a disease analogous to tuberculosis. Yet in spite of such theories this country had been rid of that scourge by mneans of the mnallein test and the slaughter of the reactors. He thought that a similar practice, that was to say placing all the cattle under veterinary control, testing them with tuberculin and slaughtering the reactors would be the quickest, surest and cheapest method of getting rid of the plague and of protecting the population of these islands against its ravages. To allow ten thousand children to die annually of this; preventable bovine malady was a disgrace to this country. What was the use of individuals going to the trouble and expense of freeing their herds when the majority of the reactors were sold in the open market to scatter the disease far and wide? The sale of reactors was the prime ineans of increasing its incidence. Again, as long as the majority of cattle owners were left alone to do as they pleased and to spread the disease or to keep it alive, what security had those who had freed their herds from it against its re-introduction? Unless the test was applied to dll the cattle, and the reactors eliminated, they would never abolish its ravages fromnthis country.
Assuiming that Dr. Nathan Raw's proposed method of vaccinating young calves was really efficacious in the prevention of the malady, of what great value would it be if it were not compulsorily adopted in every herd ? If it took twenty years by this method to eliminate the (lisease it would not during that period prevent its incidence in children, with many thousand deaths resulting. He did not believe in any temporizing method, but thought that what the United States Department of Agriculture was doing in the matter was right to do here, namely, to eradicate speedily the disease fromn our cattle. Up to the present the U.S.A. Department had tested 6,000,000 head of cattle and passed as accredited, or tuberculosis free, 60,000 herds containing 1,100,000 cattle, while the remainder that had not reacted at the first test were undergoing further testings. All the reactors were slaughtered and the owners compensated tip to as much as 90 per cent. of their pre-testing value. There were still on the waiting list over 2,000,000 head of cattle included in 200,000 herds or lots. In the supervision list there w%-ere nearly 9,000,000 cattle, included in just upon 900,000 herds or lots. Durinig the time we were considering our tinkering proposals the mortality among our children and the manufacturing of cripples and chronic invalids were continuing. Surely humanity deserved the first considerationi, and the best way of observing this principle was to adopt the practice of the United States Departrnent of Agriculture. Dr. HALLS DALLY said he found especially miany points of interest and of agreelmlenlt in the remarks which Dr. Nathan Raw had made with reference to tuberculin ilnmmunization, and could only admire the painstaking manner in which these researches had been carried on over a period of so miiany years. At the same time, he (the speaker) was of opinion that Dr. Raw had attacked a sinall portion only of a mnuch greater problem, and that the results of his experiments so far went to prove the absence of infection rather than the production of iimmunity to tuberculosis by the injection of attenuated suibcultures of dead bacilli. It might afford usefuil information at this stage to expose the injected calves to the possibilitv of direct infection, and to await results.
As regarded humanity, while large nuimibers of the commlliiunity becamiie infected, only a minority of these developed evidences of active tuberculosis. WVhat was the basic factor which determined latency or activity ? This factor was to be found in the natural imlmunity of the individual, which might be enhanced or dimiiinished by circumstances of environment, using this word in the broadest sense, of which good hygiene formned only a part.
The use of tuberculin had largely gone out of fashion. This was to be regretted, since from an experience of inany years one knew that by the intelligent and gradually increasing application of tuberculin, the tolerance to it of an infected individual could be greatly increased. This fact increased the belief that tuberculin was a true immiuniziing agent, and certainly from the point of view of prophylaxis, especially in the case of young children, its more extended employment was to be advocated. Nevertheless, if a lion-tuberculous animal were given injections of tuberculini, its susceptibility to tuberculous infectioni remnained unaltered.
Dr. Rowlaiids had imade a statement of considerable importance in saying that he had succeeded in eradicating tuberculosis frolmi a herd of badly diseased aniimals by means of appropriate vitamin feeding,l and one would like to know more of his mtiethods. If such successful results could be acconmplished in the case of one herd, it might perhaps not be unreasonable to hope for a mluch more universal adoption once the metlhod becaille known. Isolated work, however careful, was of little avail, anid with the greatly increased output of modern knowledge, it muight be possible at not too distant a date for medical men and veterinarians to form-iulate a combined scheime of prevention.
Mr. G. P. MALE said that any miiethod of immuniZing cattle against tuberculosis would be welcomed by the veterinary profession, who were doing their best to comnbat this scourge. He would like to see further experiments carried out by feeding the immuniuzed calves on raw milk froiii cows affected with tuberculosis of the udder. If they resisted this infection for a fortnight he would believe in its efficacy, as he had found that calves very quickly becaine affected with tuberculosis when fed in this way. He believed that all cattle were very susceptible to tuberculosis and that very few indeed had any strong immunity. If Dr. Nathan Raw's nmethod was compared with that of Calmette it would be seen that in the former dead cultures were used and cattle did not react to the tuberculin test as a result of its use, whereas Calmette employed living cultures of attenuated organisms and argued that no inilnunity could be produced unless a more or less active focus of the disease was set up in some part of the body; and, as a consequence, the animal reacted to the test.
His injections were given once a year whereas Dr. Nathan Raw's were used only on the ealf-twice in all. If this method was equally effective without causing a reaction it would be a great advantage. With referenice to Dr. Rowland's contention that the eradication of tuberculosis was chiefly one of correct feeding, he could not agree with him, as he had found tuberculosis rife in cattle whatever method of feeding had been adopted. 1[,ancret, 1925, i, p. 491. 
